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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method and an apparatus for 
producing semiconductor device, with which reliability is improved. 
SOLUTION: An impurity diffused layer, comprising a source region 15 
and a rain electrode 16 of a pMOS 1 1, is formed very shallow to about 
50 nm. The very shallow impurity diffused layer is formed, by executing 
an annealing process using RLSA plasma, after an ion implantation 
process at low energy. In the annealing process, only silicon atoms close 
to the surface of a silicon wafer 12 are selectively excited, and the 
diffusion of impurity in the depth direction is suppressed. 
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[IMfcgl] ffil£<Dfl XK, S&CDXU y b^-r^w- 

s z. t %®wit-rz> ¥m&mw<DMi&jf&o 
ttiB2S«3?®#> <=> 5 o nmSKTomz^myithWim* 

[»*B4] iWt2#X^ T)l^y (Ar) , ^U^h 
> (Kr) , *ir/> (Xe) mrfn^io, fc-Sl^ 

5 ] Mf2;tfXte, SSlI, tK* (H 2 ) 

[gs*«6] HfffB^7.tt, mm (o 2 ) 

tr. £££#^£T£ff*«4tfBf£©#ag#:gg©il 
M b25P \ > A* K 3f 5£ © # X £ fflfc-f 3 # X 1 , 

— e > ^£ nfcSffiiis^f so aw r t, *jee £ euro 

ihib2^ >^ft<D&f>zmmffim\z&&'tz>m!£m^ 
Bimtfx&mmzz. DM125 1 ^ >Ai*in«i&$-a-fc:Wf2 

mzntzmi&mmmmzmM-irzmm^mii. &m 
mewh^rw:, mwMM$mw<z & <omfe<D/u tx 



(2) 

2 

[0 0 0 1 ] 

-%mRzfmmmmzm-tz>o 

[0 0 0 2] 

H£*cd£«] ifiR#, I C (Integrated Circuit) ©i« 

gMi!ioTl)5. MOS (Metal-Oxide Se 
miconductor) b9>>>X?T\t. 0. 1 wmgSK± 

mn!±(D&Ttt7!&&<D'£im<Dmmft±cz>. mo 

S <D ^ ^ * £ Kihf V -X * <fc XS H k 

[0003] ^mm&®.m<Dwmt., as?, -i*>Kv 

> m a c j; <o fg ± l m £ a s £ -a- s £ £ & \z , 
aAbfc^Mti^^ft^^ig^ttfeT, m^wfcsitt 

V^I«tlte«g<D^^ -r^>ffiAIg££^T. ft 
AX^;i/^-S;Ttf T^ti^ffiA-r?) C ££<£ DfTt) 

[0 0 0 4] 'ft>ftAIit07^-;HiT(J, 9 

S^WbT, 10 0 CCSftOSta^T^jSHtt^t- •!>«!. 

jS^aft^fflv^n?.. taKiift (rta) t 
t, 1 0 o°c/^m&x'<DWim<Dmm^mtr£<o, 1 

so 0#S^T©SB§K^a^Bltg£/^?.= 
[0 0 0 5] 

ieHT$.^o b^b. nt>^m<Dm^^5 0 
o^$j;Dt)«<j£i!c-r^ 7»6«i o mwmM T 2 ^ < ft 

•2>o 

40 [0 0 0 6] rtltt, RTA^fflVifc^Tfe, ±12© 

&m mm ts. z<D£5\z^mmmm.LTm&i\: 

Ab, 0^^^;^*^ji;$nftv^£\ Mosrot 

[0 0 0 7] WOi^l^ ffiSO^MtlffiStH^^ 

so ^w^jpm (a®) -rzziitf'&mttez. b^b, 
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[0008] *mw\z. ±nmmz^x^tifz i b(D 

[0 0 0 9] 

■£©«&«£, ^j&^ieib**!*— t;>y$nfc*«fcfl8 

[0 0 10] ±e*Mcfc::fcv>-t\ ffiBt&WLmB&ZTy 

[0 0 11] ±Ei*l:iHT, *JEX«te, 
ME^*ffi*l#ffiEX&©Sffifr S 5 0 nmCiSSi: H— 

tfyftstiT&K). mmikmmmmx^ y mm^ 

[0 0 12] ±B2IMtlCfeV»T, tj&UXtt, MAtt, 
7;Prf> (Ar) , ^U7°h> (Kr) . =Hry > (X 

[0 0 13] ±E*fifcfc:;teV*T, we^tus, 
tK* (H 2 ) &-§XTfc«fcV>. 

[0014] ±fa«^tc*v^T, li&etfxn, z?>\z, 

(0 2 ) S£A/T?t>«kV*. 

[0015] ±ei««38j«-r*fc«&, #f8ii©fg2© 

mxmwt % t & \z a s»n*-r § x*« j# 

£, SUA, wtE«p#©tt, waa*««i**n«kD»f 
iz^<ommummmw.<Dmm^@j^v, mmmmmfa 



(3) 

4 

[0 0 16] 

[0 0 17] *fgK©jft&6©0^iI&S¥#ffcgB©§Sl 

jat*jSK«kn«, ma«> pft^acMosFET 

(Metal Oxide Semiconductor Field Effect Transisto 
r) J&*»i63ft*. Hit', 4£EK<?)JglB0¥*i#&a 

io T, pMOS) 1 1 OfllJftSrTR-r. 

[0 0 18] Hlfc^t <t5fC, pMOS 1 ltt, v-U 

3>i«i2t, f-htmmi 3 y-h*ffii4 

[0 0 19] y'Jn>lSl 2fi, xfcf^5/*;HfcR 
2H SOI (Silicon On Insulator) SfiT$oTfc 

[0020] tf-vmmmi 3n ->U3>a«i 2± 

/&£nSo y-H6»g|13tt, #IAtf, 2~5nm 
(2 0A~5 0A) ©J?£TiS:tf £>n3«, 
[0 0 2 1] y— htll 4H y-h*&g:Wl 3±lZ 

h*ffi 1 41i, #IA«, 0. l«m~0. 3 Mm (10 

ooa~3oooA) ©jpsTaattsn*. 

[0 0 2 2] y'j3>SIl 2©*|®£B*£©, 

so tin ©Mffl^tt, y-7i« isi, h v< >mm 

16t, #J£j*SftT^5. 7— X®«1 5 33«fctf 
-f >fi« 1 6 H, nWyij3>I|l 2 fcpSO^iW 

[0 0 2 3] V-X««l 5*J:tf FW>««1 6 

*tr»«snTv»*. y-Mii A\zm^m£ (y 

- h*EE) **9Wi0SnfclBKtt, > U 3 >*R 12©* 

ffiM^trsteJB, -f&fr*., (ch) -tmi&Z. 

40 n^o V-X*ffi*5J;lXKW>«ffitr3f«©«BE^ 

aasnTVi*«^fctt, (ch) ^lt> v 

lBtHw 1 6 tomiznmmn 

•So 

[0 0 2 4] ^^T. V-X««l 5*3<fcrjtKW >^ 

$ (JPS) ^Rl^, 2nm~5 0nm (2 OA 

~5 0 0A) KT©«S7?*»fc»filSSnTV»*. ±E 
^©^Flfitl&fUf tt, pl©^F» 

so fl-feii* (TUfitl^A) , 5\%m<T~-)mwt, \z 
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7^>7D7h7>ft (Radial Line Slot Antenna: 
RLSA) Sffll^cVl' Dt^^Xv^ffl^TMS 

[0025] )k\z, *%w<D$zm<DMmizm2>¥mfcm 

m (pMOSl 1) ©«ft2fffiK:oV>TBID5£IM8LT 

mwtz. 

[0 0 2 6] H2IC, ¥^#:SS©KjgCfflV^Mifig 
■ lOOOi^Swt. H2}i^-rJ;5ic, SfiggBi 

a>102t, *6»^n5. 

[0 0 2 7] ft-fc-y FXt->3 >1 0 1 H ft-fey h 
Xt— 103t, $j£S 104t, SfitASo 

T, fiAW) S««?TIBft:*-fey hc*t««sn*. 

#-fe>y hXr-y 10 3 [;H jfc#ia©'y - xAW£Jfc§ 

[0 0 2 8] 9B3£gl 0 4KH lM®n-y7-Al 

0 5, 1 0 6^ES$nTV^o P-y7-A10 5> 
10 6H #-fey hCfCJR^nfe^xAW^aXT- 
">3>10 2 «£* IiXf-y3> 

1 0 2#jfr£&a^© r 7xAW£rJgtiiU #-fey hCtC 

P-H£Dii#f'#£*aT^-5„ 
[0 0 2 9] JSlXf-y3>l 0 2H 7 h 

7*-A107t, 2lOD-FD7^yM0 
8, 109i, 2*<DH-tr>^3.-y h 1 1 0, 11 
It, 2l®7--^a~7 M 1 2, H3t, 

[0 0 3 0] ISAft»©*3:/7V N7*-A1 0 7© 
3>10 2H ^7X^-^©i/X^A£«J&LT^ 

s. iS7°7^h7t-Ai o 7\m%mm*mx. m 
^^^K^^THiftsnfcft-rL-y mi ^-n-en^sp 

[0 0 3 1] M^-fyy h7*— A 107 ©4>&{;:H 
-*f©«82£7-A 114, 11 5*«KJt6n, v 
MfflfC*tt*^xAW©*SISff"5. 

[0 0 3 2] D-FP7?a-yM 0 8, 1 0 9(1, 
#-fey hXf-/3>l 0 l©J$jt^l 0 4il, 

10 8, l 0 9 (i MXT-y3>i0 2^o^i;\ 

JfcAffljtf— K £«fcl£, £xA»HJ/B©jj?— h£LTl* 
tg-T^o D-y7-A1 0 5, 1 0 611 h^f 
-/l 0 3±©#-fcy h C KJRSSftfctfxAWfcP- 



(4) 
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\tUy>73.-y hi 0 8, 1 0 9 WK«A"r*. 
n-^7-A1 0 5, 1 0 6)1 P- Ftiyi73--y b 
1 0 8, 10 9**5, fflatftO^xAWSlBaL/, fc-fe 

[0 0 3 3] F-fcf>^a--y hi 1 0, 11111 - 

>^gtf^Si)!lSn§. F-t°>v*a->y h l l 

0, 11 lfccfcWC, vUP>Sffil 2 (7iAW) t 
»R»Kpa!©*M*i>Si*AU *Mtt#T'&&*JiS» 

[ 0 0 3 4 ] ^M«*XH «AH y-h*gl4£ 

H 1X1013~5X1015 C m~ 2 © K— X* 
T, 2nm~5 0nm (2 0A~5 0 0A) © 

(B) , -f>:x<7A (In) HSfflWdt^f 5. 

[0 0 3 5] 7r-;i/a-»; M 12, 1 1 3 H ?i? 
7)V9^(>XUy h7>ft (Radial Line Slot Anten 
na : RLSA) S©X7Xv£&aSgT&5. 7Z-^ 
20 a.-^hll2. 113H V'fi'nijEI^M-^ 
V>T&a#X©X7Xv£3l54S-e\ ^©X^XvfcJ; 
D, H— fcJ>if«©5"j3>*Kl 2©g®^r7n-^ 

[0 0 3 6] HI3lr, 7r-JH"7 h 1 1 2, 113 
©$rSj«J&£*To E3(^-Ti;5tr, 7=-—)V3.-y 
M 1 2 , 1 1 3 H KRW Jg©?-* > A 2 0 1 £«;L 
ft>A'2 0 1H 7;Rr>7Af*P.ifigSnT 

[0 0 3 7] ?t>A*20 1 |*itt©«f»*fcH *^a#: 
so T*57xAW0«i^2 0 2^eaStlTVi-5. tii£ 
#2 0 21:11 H^Lfc^fiWj^fljiSnTfcB, jfi 
HSBtciD, ^xAWaBRtfiflE, i£~6 0 

o'ctirai^^n-s. 

[0 0 3 8] £fc, ti#5 4tl BrJ£©«EE£WJnf 
^>fc*©IelS§§*L, dWIalj&frJcD, X^Xvtf©-f 
*>*iaia"r5fc»©/t-f 7X«EE (MAH - 5 0 V 

~0VSE $?£L<H -2 0V—0V) £7i/\W 
[0 0 3 9] ft>A'201 ©flJffitcH «S# 202 

40 ©±ata«rauwsK:» *AtHP2o 3#Rw-&ftT 

Vi*. «3iA£iJP2 0 3H y— h ;VV?2 0 4 S^LT 
h7*-l 1 0 7 tg^lWS. tf—bK 
;l/7*2 0 4©iWi;ll J&AfctiP2 0 3 £?>LT. >7 
xAW©*AtH**fftonS. 
[0 0 4 0] ft>A2 0 1 ©Jgg&KH 2 0 5 

©-«i**ss«snT*o. mm*, n^y^mmm 

SB 2 0 6 K3&«t3ttTH*. »a812 0 6*CJ; 
0, ®aS#©5 1 ^>A2 0 1 ©fifflSH 4 0Pa~0. 
13kPa (3 OmTo r r~ 1 To r r) 
so [0 04 1] ?t>A201 0«»±*l:H #7,«ii& 
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W2 0 limtft>ftX\^* )(?7Mf 2 0 711 7)V 
P*> (Ar) #7>zg2 0 8£>&.T$^M (N 2 ) ^7>j!12 

2 0 1 ©flPMWJ^ftfdftoT^ MAli. 1 6*Bif^ 

#£E«£ftT^3o Z.<D&.o\zW,W£nz>Z\t\z£. 

[0 0 4 2] ft>A*2 0 l©_k$$f;:H |P2 1 Off 

mmnx^z. ma 2i o <D\*imz\t, ^21 ijwr 
w-snx^*. $2 1 in atiitttra. 5 

S i 0 2^©#7X, SI3N4, NaCl, KC 
1 , L IF, CaF2- BaF2> A 1 2 O 3, Al 

XfJK #'J#— tf*-K t^n-^rtf-h, * 

u^ntrk>, #'jtftb^;K tfuittetfxuxx 

#'JXfl/X *IJ7S F, #>M5 Vts.£<D^Wm<0 

[0 04 3] 8211 0±C(t ^TVl^-f 
>XD7h7>ft (KT, RLSA) 2 12WJS, 
nTVi*. RLSA2 1 2 iSMi£«i!I3&2 1 

3Cil$nf:iSK2 1 4j&»«tt5ftTV>*. ^$ti& 
2 14(1 RLSA212 KTHWS&ftSftfcH^PfcR 
^«A«2 15t, RP*iS^2 1 5©±Bft-**tfiS 
ttSftfcR 1*131***2 16t, RttSi»«flf2 1 6© 

m^2 1 7©«BK:Eftic-ji*taN*sn, fasg^fls^ 

tftWR(E2 1 3fc»ttaftfcje#3*ifcflf2 18i, 
i^$tlt^5. RL SA2 1 2cfeitK^fe8S2 1 4 

[0044] n«fa!#jft«2 1 eoi*i«K:tt, mnm& 
1 21 9**E«s*ix^a. isitt*^2 1 9it mm 

tt*m«kt)fc tO-I««RLSA2 

1 2©±ffi©&£**fc»tt;£n, 4tf|fttRffi£!*&B 

2 1 6 <D±mizm®iVi\zmwt2tiT^z>, 

[0045] 04CRLSA2 1 2©¥®0£^T<, 0 
4 fcfc-r«fc 3 K» RLSA2 12H H'Ci>R±lrKttS 
nfcat®XD7h2 12a, 2 12a, -£*fflfcf| 
A3e SXPy h 2 1 2 aH»S^©Kilbfc«T* 
0, iinXP^ h 2 1 2 a £5 bHav^dfi^LT 

2 1 2 a©SS^BB?JWPiH ftjq&«ftffi2 13ii9 

[0 0 4 6] AHMKfl!2 1 3 tt, flAtf, 2. 45 
GHzO?-f^nt^ 5 0 0 W~5 kW(DmtlX'%± 

T&. ftHft*£ffi2 1 3^£14lfcv^?nSH 

2 1 srtsje^-K-reHisn*. £6 

fc, v-f^n^n IMHWigggSIgg 2 l 7 HTJEft- 
f 216 Kfej££tl3o V-f^Pfefi, set, RftMft 

®.m2 1 5izTmft>titzftm-?fcmt<n, rlsa2 
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12©XD-yh2 12 a J; DSfeWSns. IfcttSftfcV 

•I'fnsn 8211 ssai/tf t>;\'2 0 1 cix 

[0 0 4 7] ft>n201 fttt, WJ£©*fflEE#fc:* 
ftT*t), *'X«f 2 0 7^5, Ar*itfN2©fi 

«*EC, Ar/N 2 = 2000 (sec 
m) : 2 0 0 (seem) f t>/t2 0 l^lft^ 
= £ £T, «E*JtH A r /N 2 = 2 0 0 0 : 2 
0, 1 0 0 0/1 0 0 tLTfei^ 
10 [0 0 4 8] 3fif2 1 1 SaBIL&V'f ^PfeH^O, 

t>A*2 0 1 rt©s^xfcjssHjfex^;p^-*<eais 

ti, iSIiS^7Xv^4tl) 0 ;i©B8, T^PiSS 

RLSA2 1 2©#»©7>P>y F2 1 2 a^S^ULT 
V>£©T\ iS^g0^7X7«Stl5. ££T\ R 
LSA21 2&ffl^T^Sn-57 p 7Xv4'©fiftta 
«, 0. 7~2eVgS©fffi^^ft5 0 £©£5 

fc, RLSA2 12Ctn«, igtt©Jt«Wa-^*»fey 

[0049] ^anfcKaFft^^xwoDd^jck 

J"j3>StRl 2M©y'j3>If^f,, J; 
[0 0 5 0] ^^%jA,^Jf tr£^Tfc|^$l{C, ->U 

3>fSft©Bfij&*£CS. Bfifc-fcO, JT^a* ( F— 
30 My if) fc«kDasnfc^Ua>il»»©f?E50 (??»£& 

As) j:nK:«ko, fr%ji*s©t&^RBdtffi 

[0 0 5 1 ] £©£*, *S**HP<0WE5!l£rai3l::, F 
©Mflt&^gfrES^nTVi^ofc*)©*), 

(CctD, mm<Dm§imft&&£&zffiz.2>7Fm®&fflLm 

(V-7««l B.*±OtI«K>«ll 6) *t#sn 

40 [0 0 5 2] ^CT, ±Mibfc<j;5ic:, RLSASffl^ 

T«stifc7 , 7Xvftttilt JttfcWffiVix*;^- 

* s > u 3 \z \z&m £ n& i» . 
[0053] i©^t^6, y5XT©±j«*#saa 

(rpfibT, fl""6)i^S©^^ (5 0nm|g) ©->U 

50 js^ttBiBs-a-a:viSft©x^;i/^-swrsstta* 
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[0054] j^t> *mm<Dwm\zfrfrz>¥m>Qf^.w.o 

[0 0 5 5] ST> WStfcjRO^xAWSJRgUfcfc-fc 
•>» h C*«*t y h7f -J? 1 0 3 ±Ctl3n4. Ox. 
AWl:(t ->U 3 1 2 ±ty- hlftMR 1 3 
-Mil 4 ttimmZtlTM&ZtlT^Z. n-¥T 
— A105, 1 0 611 *t-y K^S'JiAWSItQ 
fflb, P— FUypZL-y M 0 8, 1 0 9ld$Af 

[0 0 5 6] D-Fny^azyMOS, l 

0 SHSiS*!, 12^7^ h:7*-A 1 0 

= ?M 08. 1 0 911 *a^?y 
MZnZo "A^X\ 114, 115H D- 

H n y i7ZL~ >y M 0 8, 1 0 9^e><i7xAW£|8tijf 
•2>o 

[0 0 5 7] jjgj£7-A 114, U5li, ^iAWS 

F-fcf yff^=.v hi 10, 111 ctAts. JKA 
ft, y-WW:/j&«BMB$ft, H-tf>^~^Mi 
0, 1 1 lftH ^©ffi^iStl^o -€-(0^ <^xA 

^«**x**ffton*. cmr<to, y-hiti4o 

n§» K-tf>^©»T», H-tf>^o.--7 h 1 1 

0, 1 1 1 fo\$7c<DB.ti tzn, wui^jwwfts 

ft£« 114, 115(1, $fiS«0tfxAW 

[0 0 5 8] *V^T, i'lAWH TX-;i/0L-y h 1 
12,11 3F*J^j)8A3tl3„ 

HWHStt. 7Z- )VOL-y M 1 2, 113 pti-mfecn 
EE^tStl-S. 7z-;!/az7 M 1 2 , 113 fCT, 

«*OjSaS««^«RFbfc«JBT, ^xAW©*fflifi 

^nttati*. ikst-ai 14, 11511 

[0 0 5 9] 7--Wi^O'?iAWIl > D-h*Dy 
^-7M 0 8, 1 0 9|*|Kj&j£$tl<5 = -i7 
xAWH n-Fn7^az7M 0 8, 1 0 9^<DJK 

XmtmoxmizU-oT, U±y b7 4fC]K§£frl3„ 

«#:iS3figBi oo*>siiasn«. itto^iAw 

tiOMjfil*J«*n5. £[±0±5IIl/T. pMO 
S 1 1 OfBjftiett*7f5. 

[0 0 6 0] «±«Wb/t±3K, ^mwommcDMm 



(6) 

fc^HTH RL SA2 1 2 Sffl^T4^Lfc^7Xv 
f£tt«£vU a ymm l 2 <D«ffi(;i;KM3l£T^iiiGt»& 

[0 0 6 1 ] K±fc«k"5fw, RLSA^5X7ftfflHft 

[0 0 6 2] ±CHJt©»JB©«WK:ISJt$ 
[ 0 0 6 3 ] ±EHSficDffi^TH pMOS£09£LT 

20 Vn&WLm&Wf&TZ Z\ t^T MIS (Meta 

1 Insulator Semiconductor) FET, CMO 
S (Complementary MOS) F E T^T&oTfe&V^ 
[0 0 6 4] ±iBHJg<DJ&JBTH ¥^MifiSB 1 0 
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